Passage of molecules into and out of the nucleus is a highly regulated process that occurs through the nuclear pore complex (NPC). Several recent studies tackle the structure of this complex and how it selectively transports cargo. Furthermore, recent reports reveal factors that are involved in the assembly and distribution of NPCs and highlight intimate molecular connections between the NPC and the nuclear envelope. Taken together, these studies extend the function of the NPC beyond that of a molecular conduit to a dynamic signaling platform where many nuclear and cytoplasmic events are coordinated.
Finding the Key to NPC Specificity
The specific molecular interactions required for export of cargo such as mRNA from the nucleus are still being elucidated. A large family of proteins that contain domains with variable numbers of Phe-Gly (FG) repeats is a major component of the nuclear pore complex, and these FG domains are thought to interact with transport proteins that move cargo through the nuclear pore. Whether these FG repeat proteins regulate the selectivity of cargo transport is still under debate. Terry and Wente (2007) tackle this problem in the yeast Saccharomyces cerevisiae. Certain FG repeat proteins are located on both the cytoplasmic and nuclear sides of the NPC whereas others are asymmetrically distributed. In a yeast strain that lacks the asymmetric FG repeat domains, Terry and Wente individually deleted the genomic regions that encode symmetric FG repeat domains. They further examined the mutant strains that had temperature-sensitive growth defects and found that when certain combinations of FG repeat domains were deleted there were defects in nuclear transport mediated by specific karyopherins (also known as importins), which are transport receptors for cargo. They also showed that a particular combination of asymmetric and symmetric FG domain proteins was required for mRNA export via the transport protein Mex67p, but these same FG domains were not needed for import by the karyopherins assayed. Their results point to the fact that specific FG repeat proteins are required for certain transport events and that modulating the composition of the NPC could affect cargo uptake. L.J. Terry and S.R. Wente (2007 ). J. Cell Biol. Published online September 17, 2007 . 10.1083 .
The NPC Gets Plugged in
Several recent papers address how nuclear pores are assembled and how they are associated with the nuclear envelope. Scarcelli et al. (2007) investigate the function of the protein Apq12p that is known to be important for mRNA export in S. cerevisiae. Apq12p localizes to the nuclear envelope, the endoplasmic reticulum (ER), but is not part of the nuclear pore complex (NPC). Scarcelli et al. first determined that Apq12 is a transmembrane protein and that it interacts genetically with several NPC components. Yeast strains in which Apq12 was deleted were sensitive to cold, and several nucleoporins (Nups), particularly those facing the cytoplasm, were mislocalized in these strains at low temperatures. Furthermore, the localization of a crucial mRNA export factor was also disrupted and the morphology of the nuclear envelope was abnormal. Closer examination with electron microscopy revealed that the NPCs did not span both the inner and outer nuclear membranes in the mutant grown at low temperatures. The authors go on to show that the defect in these mutants at low temperatures is in the assembly of NPCs. These defects can be suppressed by increasing the fluidity of the nuclear membrane, indicating that membrane dynamics affect NPC assembly. Lewis et al. (2007) show that another nuclear envelope protein, Esc1, affects the assembly of the nuclear basket (a distinct structure on the nuclear side of the NPC) in budding yeast. The authors were studying the SUMO protease Ulp1, which localizes to the nuclear pore. A genetic screen to find factors that regulate SUMO dynamics identified Esc1, a nuclear membrane protein implicated in tethering silent chromatin to the nuclear envelope. In Esc1-deficient cells, the nuclear basket component Nup60 and the SUMO protease Ulp1 are not localized properly to NPCs but colocalize in foci at the nuclear periphery. The authors show that proper nuclear basket assembly is required for the correct localization and regulation of Ulp1. Given that Esc1 and Ulp1 are important for keeping unspliced pre-mRNAs in the nucleus, this study provides intriguing connections between nuclear pore complex assembly, sumoylation of nuclear proteins, and mRNA quality control.
Another study identified a protein that associates both with chromatin and with components of the NPC. Gillespie et al. (2007) discovered ELYS/MEL-28 when analyzing chromatin-associated proteins during different stages of the cell cycle. They also observed that ELYS interacted with the Mcm2-7 proteins, which are part of the pre-replication complex that dictates where DNA replication occurs (replication licensing). Immunoprecipitation of ELYS from Xenopus egg extracts revealed that it associated with several nuclear pore proteins such as the Nup107-160 complex. This protein localizes to the nuclear periphery, and removal of this protein from extracts by immunodepletion showed that it is involved in nuclear pore complex assembly. Given the association of ELYS with both chromatin and NPCs, Gillespie et al. examined this connection further. They showed that the interaction between ELYS and Nup107-160 with chromatin was independent of the nuclear membrane and that association of ELYS with chromatin was direct and through a DNA-binding domain termed the ''AT-hook'' domain. Interfering with Mcm2-7 loading using a cellular inhibitor delayed the association of ELYS and other nucleoporins with chromatin. Thus ELYS bridges replication licensing and NPC assembly and may be essential to ensure that replication licensing occurs prior to NPC assembly. J.J. Scarcelli et al. (2007 ). J. Cell Biol. 178, 799-812. A. Lewis et al. (2007 ). J. Cell Biol. 178, 813-827. P.J. Gillespie et al. (2007 ). Curr. Biol. Published online September 5, 2007 . 10.1016 / j.cub.2007 
How NPCs Spread out
In addition to affecting NPC assembly, the nuclear envelope can also impact NPC distribution as Liu et al. (2007) report. These investigators examine two Sun domain-containing proteins, Sun1 and Sun2, that are present in the inner nuclear membrane and interact with lamins. These proteins tether the nesprins, large actin-binding proteins, to the outer nuclear membrane, thereby linking the inside of the nucleus to the cytoskeleton. Liu et al. focus on Sun1, which colocalizes with NPCs. Knockdown of Sun1 by RNAi in HeLa cells, or overexpression of truncated constructs of Sun1 that reduce association with the nuclear envelope, caused a change in the distribution of NPCs. Under these conditions, NPCs cluster together instead of being evenly distributed, and the shape of the nucleus also changes. Interestingly, Sun1 preferentially interacts with pre-lamin A, indicating that this protein may target newly synthesized lamin A to the inner nuclear membrane and thus to the site of NPCs where Sun1 then controls NPC distribution. This study provides insight into how nuclear envelope architecture gets established and the many interesting connections that are relayed through the NPC. Q. Liu et al. (2007). J. Cell Biol. 178, 785-798 .
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Nuclei formed in the absence of ELYS lack nuclear pore complexes (top, green) and are smaller than wild-type nuclei but are still surrounded by a nuclear envelope (bottom, red). DNA, blue. Image courtesy of J. Blow.
In wild-type (WT) yeast cells, the NPC components Nup82 (green), a cytoplasmic filament nucleoporin, and Nup188 (red) colocalize. In apq12D yeast cells, Nup82 mislocalizes to the cytoplasm but Nup188 remains part of the NPC. Image courtesy of J. Scarcelli.
